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CLAIMS 
[Claim(s)] 

[Claim 1] The coil unit used for the linear motor which equipped this crevice with the shell 
which can cool this coil through the refrigerant while leaving a predetermined crevice and 
holding the coil by which opposite arrangement is carried out at the magnet of a linear 
motor characterized by providing the following, and this coil in the interior. While leaving 
a predetermined crevice and holding the aforementioned shell in the interior, it lets a 
refrigerant pass in this crevice, and it is outside covering which can cool this shell. While 
introducing in self the aforementioned refrigerant which is prolonged and formed in a 
longitudinal direction near the crosswise end edge of the aforementioned shell in this 
outside covering, and is supplied from the outside, it is the 1st mainstream way of an 
outside which can be derived crosswise to the outside surface of this shell about this 
refrigerant. While receiving the aforementioned refrigerant which was prolonged and 
formed in the longitudinal direction near the crosswise other end edge of the 
aforementioned shell in the aforementioned outside covering, and has flowed the outside 
surface of the aforementioned shell crosswise through the aforementioned 1st mainsfream 
way of an outside, it is the 2nd mainstream way of an outside which can be supplied in this 
shell about this refrigerant. It is the exhaust pipe which can be discharged outside about the 
aforementioned refrigerant which has flowed the coil front face in shell. 
[Claim 2] the [ set to a claim 1 and fiirther aforementioned / in the aforementioned shell / 
outside ] ~ it prolongs and forms in 2 mainstream road side at a longitudinal direction - 
having - the [ this / outside ] - the coil unit for linear motors characterized by equipping 
the front face of the coil in the aforementioned shell with the inside mainstream way which 
can be derived crosswise for this refrigerant while infroducing in self the aforementioned 
refrigerant supplied from 2 mainstream ways 

[Claim 3] The coil unit for linear motors characterized by having the 2nd mainstream way 
of the inside which can discharge this refrigerant from the aforementioned exhaust pipe 
while receiving the aforementioned refrigerant which set to a claim 1 or 2, was further 
prolonged and formed in the aforementioned 1st mainstream road side of an outside in the 
aforementioned shell at the longitudinal direction, and has flowed this coil front face in the 
aforementioned shell crosswise. 

[Claim 4] In claims 1 and 2 or 3, while forming in the longitudinal direction end close- 
attendants side of the aforementioned outside covering the feed holes which can supply the 
aforementioned refrigerant to the aforementioned 1st mainstream way of an outside The run 



through-hole which can be supplied in the aforementioned shell is formed for the 
aforementioned refrigerant guided into self at the longitudinal direction other end close- 
attendants side of the aforementioned 2nd mainstream way of an outside. And the coil unit 
for linear motors characterized by having arranged the aforementioned exhaust pipe which 
can discharge the aforementioned refrigerant in the aforementioned equivalent position near 
the feed holes in this shell. 

[Claim 5] The coil unit for linear motors characterized by arranging it in a claim 4 as the 
aforementioned exhaust pipe penetrates near the downstream of the aforementioned feed 
holes in the aforementioned 1st mainstream way of an outside. 

[Claim 6] a claim 1 or either of 5 - setting ~ the [ aforementioned / outside ] ~ the branch 
passage of plurality [ way / mainstream / 1 ] ~ a longitudinal direction predetermined 
interval - forming - the / this / outside / - the coil unit for linear motors which the 
aforementioned refrigerant introduced in 1 mainstream way is branched by each of two or 
more of these branch passage, and is characterized by enabling derivation crosswise at the 
outside surface of the aforementioned shell 

[Claim 7] The coil unit for linear motors characterized by having formed the subpassage of 
the longitudinal direction which can once be stored in the claim 6 for the aforementioned 
refrigerant dravra from this branch passage by the down-stream edge of the aforementioned 
branch passage, and enabling derivation crosswise of this refrigerant through this 
subpassage at the outside surface of the aforementioned shell. 

[Claim 8] The coil unit used for the linear motor which equipped this crevice with the shell 
which can cool this coil through the refrigerant while leaving a predetermined crevice and 
holding the coil by which opposite arrangement is carried out at the magnet of a linear 
motor characterized by providing the following, and this coil in the interior. While leaving 
a predetermined crevice and holding the aforementioned shell in the interior, it lets a 
refrigerant pass in this crevice, and it is outside covering which can cool this shell. While 
introducing in self the aforementioned refrigerant which is prolonged and formed in a 
longitudinal direction near the crosswise end edge of the aforementioned coil in the 
aforementioned shell, and is supplied from the outside, it is the 1st guidance way which can 
be derived crosswise on the front face of the aforementioned coil about this refrigerant. 
While receiving the aforementioned refrigerant which was prolonged and formed in the 
longitudinal direction near the crosswise other end edge of the aforementioned coil in the 
aforementioned shell, and has flowed the front face of this coil crosswise through the 
aforementioned 1st guidance way, it is the 2nd guidance way which can be supplied to the 
aforementioned crevice between this shell and the aforementioned outside covering about 
this refrigerant. It is the discharge hole which can be discharged outside about the 
aforementioned refrigerant which has flowed the outside surface of the aforementioned 
shell. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the technology 
which cools a coil with a refrigerant especially about the coil unit equipped with the coil by 
which opposite arrangement is carried out at the magnet in a linear motor, and the shell 
which holds this coil in the interior and cools this coil through a refrigerant in the crevice 
between selves for linear motors. 
[0002] 



[Description of the Prior Art] an aligner, a high precision finishing machine, etc. for the 
conventional, for example, semiconductor, manufacture - setting - an object (for example, 
the wafer and workpiece which are exposed) - high degree of accuracy - and to position 
quickly is demanded In this case, as a precision pointing device used, what changes rotation 
of a rotated type motor into rectilinear motion by the ball thread etc., the rectilinear-motion 
type motor (the so-called linear motor), etc. are used widely. 

[0003] Also in this, structure of a linear motor is brief, part mark end few, and have the 
merit that the direct use of the rectilinear motion can be carried out further, and it can 
position an object quickly. Moreover, since there is little frictional resistance at the time of 
a drive, it also has the feature that a precision of operation can be raised. It is becoming in 
use [ the above reason to a linear motor ] as a straight-line driving gear of all fields with 
which precise positioning is demanded, for example, the manufacturing process of a liquid 
crystal display is also used widely. 

[0004] Generally this linear motor consists of a magnetic pole imit equipped with the 
magnet, and a coil unit equipped with the coil. A magnetic pole unit or a coil unit is 
connected with a predetermined pedestal, it functions as a stator, and another side is 
connected with a move table etc. and functions as a needle. The fixed crevice is left so that 
it may not contact mutually, and where the crevice is maintained, rectilinear motion of this 
magnetic pole unit and the coil unit is carried out relatively. 

[0005] By the way, the coil prepared in the above-mentioned coil unit will generate heat, if 
current is supplied. This generation of heat is transmitted to the whole coil unit, and is 
further transmitted to a pedestal, a move table, etc. which have been combined with this 
coil unit. Consequently, two problems as shown below occur. 
[0006] (1) It becomes the factor which the coil unit itself and the other party machine 
connected with this coil unit expand thermally [ factor ], and makes positioning accuracy 
produce an error with the heat of a coil. Specifically, if the other party machine connected 
with a coil unit was low-fever expansion material (coefficient of thermal expansion 1x10-6) 
with a length of 100mm, lOOnm heat deformation arises by the 1 -degree C temperature rise. 
Therefore, when the positioning accuracy of nano meter order is required, this thermal 
expansion cannot become a cause and a demand cannot fully be filled. 
[0007] (2) Near the linear motor, the laser interferometer which measures movement of this 
linear motor is installed. If a surrounding atmosphere is heated by the coil unit and 
"fluctuation" occurs by it, the optical path of a laser beam will be affected and a 
measurement error will arise. 

[0008] Here, a refrigerant is poured between the clamp face of the other party machine in a 
coil unit, and a coil as what solves the problem of (1), and the technology of preventing 
transfer of the heat from a coil is known. However, in this technology, the temperature rise 
of the atmosphere around a coil unit could not be suppressed, and the trouble of (2) was not 
solved after all. 

[0009] Then, the coil unit 10 as shown in drawing 10 and drawing 1 1 is proposed as what 
solves the problem of the both sides of (1) and (2) collectively. This coil unit 10 is used for 
a linear motor 1, and opposite arrangement is carried out at the magnet 3 of the magnet unit 
2. 

[0010] Concretely, this coil unit 10 equips a magnet 3 with the shell 14 which can cool a 
coil 12 through a refrigerant in the crevice 13 between a coil 12 and self while holding the 
plate-like long coil 12 and this coil 12 in the interior at the travelling direction X by which 
opposite arrangement is carried out. On the other hand, the magnet unit 2 is equipped with 
the cross-section KO character-like base 4, and the above-mentioned magnets 3 and 3 are 
attached in wall 4A countered in this base 4. 

[001 1] The clamp face 16 to the other party machine is formed in the outside of one edge 



14A of the cross direction Y in shell 14, the feed holes 18 which supply a refrigerant to the 
crevice 13 between shell 14 are formed in the end side of the longitudinal direction X of 
this clamp face 16, and the discharge hole 20 which discharges this refrigerant is formed in 
the other end side. When the coil unit 10 is connected with a "fixed side" other party 
machine through this clamp face 16, the coil unit 10 serves as a stator and the magnet unit 2 
serves as a needle. On the contrary, when the coil unit 10 is connected with a "movement 
side" partner machine, the coil unit 10 serves as a needle and the magnet unit 2 serves as a 
stator. 

[0012] The refrigerant supplied from feed holes 1 8 is diffused in the crevice 13 between a 
coil 12 and shell 14, and delivers and receives heat between coils 12. Therefore, the coil 12 
which generates heat by current is cooled, and a refrigerant is heated. Since the heated 
refrigerant is discharged from a discharge hole 20, heat is not accumulated inside the coil 
unit 10, but the radiation to a surrounding atmosphere is reduced. Therefore, this linear 
motor 1 can lessen influence on the exterior by generation of heat of a coil 12, and highly 
precise positioning is possible for it. 
[0013] 

[Problem(s) to be Solved by the Invention] However, in such a coil unit 10, it was not 
necessarily able to be said that sufficient cooling effect was acquired, if the diffusion 
situation of the refrigerant in shell 14 is concretely shown in drawing 12 typically - a 
refrigerant - A, B, and C -- it becomes ... with a parallel flow with a breadth gradually, and 
it is discharged from a discharge hole 20, converging with F, G, and H finally Since a 
refrigerant is heated as it moves to a downstream, as mostly in agreement with the order of 
this A and B, C...E, and G and H, temperature will rise. 

[0014] The temperature of the refrigerant in this result, especially the downstream (E, G, H) 
neighborhood was rising sharply as compared with the upstream, and it had the problem 
that heat transmitted to shell 14 through the refrigerant of this elevated-temperature state, 
and it was radiated outside while cooling efficiency fell. Furthermore, heat transmitted to 
the clamp face 16 through the refrigerant of the elevated-temperature state of a 
downstream, and it had also become the cause which induces the thermal expansion by the 
side of a partner machine. 

[0015] And this property is generated unescapable, even if the pressure (supply pressure) of 
a refrigerant and the size of a crevice are designed comparatively good. Moreover, when a 
design was not good, it is the situation which the portion into which a refrigerant hardly 
flows tends to produce, and there was fault also with a bird clapper much more notably. 
[0016] Although the flow rate of a refrigerant was increased and cooling efficiency needed 
to be raised in order to solve these, when the large crevice 13 was taken for flow rate 
increase, the magnet 3 by the side of the magnet unit 2 and the distance S between three 
(refer to drawing 1 ) became large, flux density became small, and there was a problem that 
the driving force of a linear motor 1 decreased. Moreover, when the flow rate of a 
refrigerant was increased, thickness of shell 14 needed to be thickened, pressure resistance 
needed to be raised, and this thick increase also affected the fall of the driving force (thrust) 
of a linear motor 1. 

[0017] On the other hand, the demand of wanting to suppress the temperature rise of a 
linear motor on still higher level is increasing with the advancement of a manufacture 
process in recent years. However, there is a limitation in the refrigeration capacity of the 
coil 12 in the coil unit 10, and the present condition is that it cannot be satisfied [ with the 
situation that fixed restrictions are imposed on the thickness of shell 14, the size of a 
crevice 13, etc. ] of the above-mentioned demand. 

[0018] this invention is made in view of the trouble relevant to uneven cooling and the 
shortage of refrigeration capacity of the coil by the refrigerant as shown above, and aims at 



reducing the temperature rise of a coil unit by leaps and bounds than before according to 

the new cooling structure using the refrigerant. 

[0019] 

[Means for Solving the Problem] While this invention leaves a predetermined crevice and 
holds the coil by which opposite arrangement is carried out at the magnet of a linear motor, 
and this coil in the interior While leaving a predetermined crevice and holding shell in the ' 
interior in the coil unit used for the linear motor which equipped this crevice with the shell 
which can cool this coil through the refrigerant While introducing in self the refrigerant 
which is prolonged and formed in this crevice through a refrigerant at a longitudinal 
direction near the crosswise end edge of the shell in outside covering which can cool shell, 
and this outside covering, and is supplied from the outside While receiving the refrigerant' 
which was prolonged and formed in the outside surface of shell in this refrigerant at the 
longitudinal direction the 1st mainstream way of an outside which can be derived 
crosswise, and near the crosswise other end edge of the shell in outside covering, and has 
flowed the outside surface of shell crosswise through the 1 st mainstream way of an outside 
The above-mentioned purpose is attained by having the exhaust pipe which can be 
discharged outside for the refrigerant which has flowed the 2nd mainstream way of an 
outside which can be supplied in shell, and the coil front face in shell in this refrigerant. 
[0020] In this coil unit, the double cooling structure by arranging outside covering in the 
circumference of shell fiirther was adopted. Moreover, further, it is shown to a refrigerant 
by the 1st mairisfream way of an outside at the longitudinal direction of a coil (low- 
temperature state), and first has the structure where a refrigerant (turning to an other end 
side from an end side) flows the crevice between shell and outside covering crosswise 
through this 1st mainstream way of an outside, by it. this refrigerant - the [ outside ] ~ pass 
2 mainstream ways ~ the interior of shell is supplied ~ having ~ a coil front face ~ the 
cross direction -- (-- it flows from an other end side to) towards an end side, and is 
discharged from an exhaust pipe (in the state where it became an elevated temperature 
most) 

[0021] therefore, the thing for which equalization of cooling is attained by the longitudinal 
direction ~ in addition, since it is the structure which cools a coil front face and a shell 
outside surface by the so-called countercurrent flow, crosswise equalization is also attained, 
the whole coil unit is covered, and temperature tends to become uniform, and cooling 
efficiency is also raised more sharply than before Consequently, the local temperature rise 
of a surrounding atmosphere is prevented. 

[0022] moreover, it was supplied in outside covering ~ with the refrigerant of a low- 
temperature state, just before being discharged in shell, the refrigerant of an elevated- 
temperature state is covered most Moreover, near the crosswise middle, the refrigerant 
which flows the inside of outside covering and which changed into the elevated- 
temperature state moderately (cooling a coil) in shell is moderately covered with the 
refrigerant of a low-temperature state. Thus, since heat transfer of a coil is suppressed 
outside by existence of the refrigerant in outside covering very rationally from inside, the 
temperature rise of a coil unit can be reduced by it more sharply than before. 
[0023] hi addition, it sets to the above-mentioned invention, and while introducing in self 
the aforementioned refrigerant supplied from the 2nd mainstream way of an outside, you 
may make it to be prolonged and formed in the 2nd mainstream road side of an outside in 
shell at a longitudinal direction, and equip the front face of the coil in the aforementioned 
shell with the inside mainstream way which can be derived crosswise for a refrigerant 
further. 

[0024] Since according to this structure it is drawn by the coil front face after a refrigerant 
is again infroduced into a longitudinal direction by the inside mainstream way even if it is 



the case (confused) where the flow of a refrigerant becomes uneven by having flowed to 

the 2nd mainstream way of an outside, uniform cooUng of a coil is attained. 

[0025] It is prolonged and formed in the 1st mainstream road side of an outside in shell at a 

longitudinal direction, and while receiving the refrigerant which has flowed the coil front 

face in shell crosswise, you may make it have further the 2nd mainstream way of the inside 

which can discharge this refrigerant from an exhaust pipe in the above-mentioned 

invention. 

[0026] The refrigerant which became an elevated temperature by cooling a coil must be 
discharged outside as promptly as possible, and must suppress the influence of the heat to 
the circumference. Then, since according to this structure the refrigerant of an elevated- 
temperature state is promptly discharged first by the 2nd mainstream way of the inside and 
is not overdue to the circumference of a coil, the local elevated-temperature state on a coil 
is prevented. 

[0027] Furthermore, since the 2nd mainstream way of the inside of a longitudinal direction 
where this refrigerant (elevated-temperature state) is introduced can be covered by the 1st 
mainstream way of an outside of a longitudinal direction where the refrigerant of a low- 
temperature state is introduced most, heat transfer to circumference atmosphere or a 
machine clamp face is suppressed. In addition, the machine clamp face which attaches this 
coil unit in the other party machine has the desirable 1st mainstream road side of an outside 
in the periphery of outside covering so that clearly from the above-mentioned content. This 
is because heat transfer from a coil is intercepted by this 1st mainstream way of an outside. 
[0028] Moreover, in the above-mentioned invention, while forming in the longitudinal 
direction end close-attendants side of outside covering the feed holes which can supply a 
refrigerant to the 1st mainstream way of an outside It is desirable to arrange the exhaust 
pipe which can form the run through-hole which can be supplied in shell for the refrigerant 
guided into self at the longitudinal direction other end close-attendants side of the 2nd 
mainstream way of an outside, and can discharge the refrigerant in this shell in the 
aforementioned equivalent position near the feed holes in shell. 

[0029] thus - if it carries out ~ a feed-holes -> free passage - a hole - since a refrigerant 
moves in order of -> exhaust pipe, if it a refrigerant will be supplied from feed 

holes, and it will move in the diagonal line top of a coil unit, and will become the cooling 
structure which returns to near the feed holes again and is discharged from an exhaust pipe 
Therefore, the whole coil can be covered, the still more uniform cooling effect can be 
acquired, and suppression becomes possible on still higher level about the temperature rise 
of a surrounding atmosphere. Moreover, since a supply and eccrisis side approaches, an 
extemal piping design becomes easy. 

[0030] Furthermore, if it is desirable to arrange near the downstream of feed holes [ in / the 
1st mainstream way of an outside / for the above-mentioned exhaust pipe ] as it penetrates 
and it does in this way The heat which a coil generates after only the refrigerant in an 
exhaust pipe has got warm is recoverable, suppressing the local temperature rise of the coil 
unit near the exhaust pipe, since the peripheral face of the exhaust pipe which the 
refrigerant of an elevated-temperature state passes most is cooled with the refrigerant which 
flows the 1st mainstream way of an outside. In addition, it is located in the longitudinal 
direction inside near the downstream of feed holes rather than feed holes, and they are 
being close to these feed holes, and abbreviation homonymy. 

[003 1] the [ moreover, / in all the above-mentioned invention / outside ] - as a means by 
which 1 mainstream way derives a refrigerant crosswise to the outside surface of shell - 
the [ for example, / outside ] - the branch passage of plurality [ way / mainstream / 1 ] - a 
longitudinal direction predetermined interval - forming - the / this / outside / - it is 
desirable to branch the refrigerant introduced in 1 mainstream way by each of two or more 



of these branch passage, and to enable derivation crosswise of it at the outside surface of In 
addition, the number of these branch passage, a configuration, length, etc. are not limited at 
all, and, in short, just derive a refrigerant crosswise. 

[0032] Furthermore, it is desirable to form in the down-stream edge of this branch passage 
the subpassage of the longitudinal direction which can once be stored for the 
aforementioned refrigerant drawn from this branch passage, and to enable derivation of this 
refrigerant through subpassage at the outside surface of the aforementioned shell. Since 
according to this structure it is drawn by the outside surface of shell while the refrigerant 
drawn from each branch passage is spread in a longitudinal direction by subpassage and a 
pressure and a flow rate are equalized by the longitudinal direction, the homogeneity of the 
temperature distribution of the peripheral face of a coil unit can be raised. Moreover, by 
branch passage, since the pressure of a refrigerant [ in / the 1st mainstream way / by 1 or 
subpassage ] is spread in a longitudinal direction and flows in crosswise, though it is also 
possible to make thickness of outside covering or shell thin and it is made into double 
cooling structure, a coil unit can be constituted comparatively compactly. 
[0033] By the way, it is one side, and if a refrigerant is poured to opposite direction, it 
comes to be able to do usage which raised the "thermolysis nature" of a coil unit more, 
although it sets it as the main purposes that the above thought suppresses the thermal effect 
which a coil unit has on a surrounding atmosphere and a surrounding partner machine. 
[0034] While leaving a predetermined crevice and specifically holding the coil by which 
opposite arrangement is carried out at the magnet of a linear motor, and a coil in the interior 
While leaving a predetermined crevice and holding shell in the interior in the coil unit used 
for the linear motor which equipped the crevice with the shell which can cool this coil 
through the refrigerant Through a refrigerant, near the crosswise end edge of outside 
covering which can cool this shell, and the coil in shell, it is prolonged in a longitudinal 
direction and formed at it between these. While introducing in self the refrigerant supplied 
from the outside, this refrigerant The 1st guidance way which can be derived crosswise on 
the surface of a coil, While receiving the refrigerant which was prolonged and formed in 
the longitudinal direction near the crosswise other end edge of the coil in shell, and has 
flowed the front face of a coil crosswise through the 1st guidance way What is necessary is 
just to have the discharge hole which can be discharged outside for the refrigerant which 
has flowed the 2nd guidance way which can be supplied to the crevice between shell and 
outside covering, and the shell outside surface in this refrigerant. 

[0035] In short, this invention considers conversely the flow (the upstream, lower stream of 
a river) of the refrigerant of structure explained so far. 

[0036] If it does in this way, the heat of a refrigerant will be emitted outside because the 
refrigerant of a low-temperature state cools a coil front face first and flows the crevice 
between shell and outside covering after that. Therefore, since a coil can be cooled 
positively, it is suitable when the temperature rise of a coil itself needs to be especially 
reduced as much as possible in a mass linear motor (suppression of the temperature rise of a 
surrounding atmosphere). In addition, what is necessary is just to apply reversely all the 
things that also showed still more detailed structure above. 
[0037] 

[Embodiments of the Invention] Hereafter, the gestaft of operation of this invention is 
explained in detail, referring to a drawing. 

[0038] The coil unit 32 used for the linear motor 30 concerning the 1st operation gestalt is 
shown in drawing 1 and drawing 2 . 

[0039] While the coil unit 32 leaves the predetermined crevice 42 and holds the plate-like 
coil 40 long to the travelling direction X (refer to drawing 2 ) by which opposite 
arrangement is carried out at the magnets 36 and 36 of the magnet unit 34, and this coil 40 



in the interior While breaking predetermined crevice 42B in this crevice 42 and holding in 
it the shell 44 which can cool a coil 40, and this shell 44 in the interior through a 
refrigerant, this crevice 42B is equipped with the outside covering 64 which can cool shell 
44 through a refrigerant. In addition, this magnet unit 34 is equipped with the cross-section 
KO character-like base 38, and is the structure where the above-mentioned magnets 36 and 
36 were attached in wall 38 A of this base 38. 

[0040] The cross section perpendicular to travelling direction X has become I character-like 
(saddle type), and more specifically, the piece 46 of a coil shown in drawing 3 combines 
two or more plate-like coils 40, they are carried out, and are constituted. Although this 
piece 46 of a coil coils copper wire in the shape of a ring, it is orthopedically operated as a 
whole so that the ends of bay 46A and this bay 46A may be equipped with flection 46B by 
which incurvation formation is carried out (exterior). Therefore, as shown in drawing 4 , 
two or more pieces 46 of a coil are combined by tums so that bay 46A may overlap, and the 
above-mentioned I character-like coil 40 is constituted for U layers of V layers of W layers 
of then cross sections in order of travelling direction X. In the state with this, since it is 
not connected mutually but decomposes, as shown in drawing 2 , the mould of this coil 40 
is really carried out with Resin G with the coil electrode holder 48 of the longitudinal 
direction arranged at the crosswise Y end marginal 40A side. 

[0041] Shell 44 is a member which holds a coil 40 in the interior, and is equipped with the 
plate 50 made from stainless steel connected with the above-mentioned coil electrode 
holder 48 and this above-mentioned coil electrode holder 48. As a plate 50 meets in the 
shape of [ of a coil 40 ] a cross section of I characters, it is crooked, and where a coil 40 is 
held in the interior, the predetermined crevice 42 is formed in bay 46A of this coil 40. 
[0042] The outside covering 64 is a member which holds shell 44 in the interior, equips the 
travelling direction X attached in crosswise Y outside of the coil electrode holder 48 with 
the long outer cover 66 and the outside plate 68 made from stainless steel connected with 
this outer cover 66, and is constituted. As the outside plate 68 meets the plate 50 of shell 
44, it is crooked on it, and where shell 44 is held in the interior, predetermined crevice 42B 
is formed (in bay 46 A considerable position of a coil 40). 

[0043] Next, with reference to drawing 1 and drawing 5 - drawing 7 , the cooling structure 
of the coil 40 in the coil unit 32 is explained in detail. 

[0044] As shown in drawing 5 and drawing 6 , near the crosswise end marginal 44A of the 
shell 44 in the outside covering 64, the 1st mainstream way 70 of an outside prolonged in a 
longitudinal direction (it is the same as travelling direction) X is formed. The feed holes 72 
which can supply a refrigerant to this 1st mainstream way 70 of an outside are formed in 
the longitudinal direction end 70A close-attendants side of this 1st mainstream way 70 of 
an outside, and the refrigerant supplied from these feed holes 72 is guided by the 1st 
mainstream way 70 of an outside at a longitudinal direction X. 
[0045] Two or more branch passage 74 is formed in this 1st mainstream way 70 of an 
outside at intervals of longitudinal direction X predetermined. The refrigerant introduced by 
this branch passage 74 in the 1st mainstream way 70 of an outside branches, and the outside 
surface (crevice 42B) of shell 44 is flowed crosswise [ Y ]. 

[0046] The 2nd mainstream way 76 of an outside prolonged in a longitudinal direction X is 
formed in the crosswise other end marginal 44B close-attendants side of the shell 44 in the 
outside covering 64. the [ this / outside ] - the 2 mainstream passage 76 — the [ outside ] ~ 
pass 1 mainstream way 70 and the branch passage 74 — while receiving the refrigerant 
which has flowed outside-surface 44C (crevice 42B) of shell 44 crosswise [ Y ], this 
refrigerant is supplied to the interior of shell 44 In addition, this 2nd mainstream way 76 of 
an outside is formed by extending the crevice between a plate 50 and the outside plate 68 
(crevice 42B near the bay 40A of a coil 40). 



[0047] The subpassage 78 of the longitudinal direction X which can once be stored is 
formed in down-stream edge 74 A (refer to drawing 1 ) of the above-mentioned branch 
passage 74 in the refrigerant drawn from here. This subpassage 78 has structure which 
derives this refrigerant to crevice 42B while storing a refrigerant, and it has the so-called 
role like a buffer. In addition, this subpassage 78 is formed by extending the crevice 
between a plate 50 and the outside plate 68 rather than the above-mentioned crevice 42B. 
[0048] In addition, the above-mentioned 1st mainstream way 70 of an outside and the 
branch passage 74 form a slot in the wall of an outer cover 66 by cutting etc., and should 
just consist of aforementioned slots in the state where this outer cover 66 was attached in 
the coil electrode holder 48. 

[0049] Next, the cooling structure inside shell 44 is explained. 
[0050] As shown in drawing 5 , the inside mainstream way 56 prolonged in the 2nd 
mainstream way 76 side of an outside at a longitudinal direction X is formed in the interior 
of shell 44. That is, the 2nd mainstream way 76 of an outside and the inside mainstream 
way 56 are arranged in parallel, the [ this / outside ] - the free passage which connects 
these with longitudinal direction X other end side of 2 mainstream way 76 and inside 
mainstream way 56 56B (namely, the feed holes 72 and the opposite side in a longitudinal 
direction X) - a hole 78 forms - having --**** - this free passage ~ a hole 78 - minding 
~ the [ outside ] - the refrigerant guided in 2 mainstream ways 76 is supplied to the inside 
mainstream way 56 in addition, passage formation of the longitudinal direction X by which 
this inside mainstream way 56 has been arranged in shell 44 - it is constituted by forming a 
slot in a member 57 

[0051] Two or more ramus-medialis passage 56A at a predetermined interval is formed in 
this inside mainstream way 56 at the longitudinal direction X, and the refrigerant guided in 
the inside of the inside mainstream way 56 at the longitudinal direction X is drawn 
crosswise [ Y ] by the front face of a coil 40 through this ramus-medialis passage 56A (in 
crevice 42). In detail, this branch passage 56A is formed in the three directions for every 
predetermined interval, respectively (refer to drawing 1 ), and the refrigerant drawn from 
each flows to the crevice 42 side. 

[0052] As shown in drawing 7 , the 2nd mainstream way 52 of the inside which receives 
the refrigerant which has flowed the front face of a coil 40 crosswise [ Y ] is formed in the 
1st mainstream way 70 side of an outside in shell 44. Pore 54 is formed in this 2nd 
mainstream way 52 of the inside at intervals of longitudinal direction X predetermined 
(refer to drawing 1 ), and the refrigerant which has flowed the front face of a coil 40 flows 
into the 2nd mainstream way 52 of the inside through two or more pores 54. Furthermore, 
the exhaust pipe 55 which can discharge the refrigerant collected by this 2nd mainstream 
way 52 of the inside is formed in the end 52A side of the longitudinal direction X in this 
2nd mainstream way 52 of the inside. More specifically, the above-mentioned exhaust pipe 
55 penetrates and opening of near the downstream of the feed holes 72 in the 1 st 
mainstream way 70 of an outside is carried out to an outer cover 66 side. That is, the 1st 
mainstream way 70 of an outside encloses the circumference of an exhaust pipe 55 (refer to 
drawing 6 ). 

[0053] In addition, what is necessary is just to form the 2nd mainstream way 52 of the 
inside, and the pore 54 grade in the coil electrode holder 48 before really carrying out the 
mould of the coil 40 by cutting etc. 
[0054] Next, an operation of this coil unit 32 is explained. 

[0055] The refrigerant supplied from feed holes 72 is guided by the 1st mainstream way 70 
of an outside at a longitudinal direction X. If the pressure of this 1st mainstream way 70 of 
an outside increases, a refrigerant will flow into the subpassage 78 through the branch 
passage 74. Since the amount of refrigerants introduced into the subpassage 78 is already 



considerably equalized by the fimction of the 1st mainstream way 70 of an outside in the 
longitudinal direction X from each branch passage 74, the pressure of the refrigerant in the 
subpassage 78 is further equalized in the longitudinal direction X. And the refrigerant in 
this subpassage 78 flows into crevice 42B crosswise [ Y ]. 

[0056] The refrigerant which cooled outside-surface 44C of shell 44 through this crevice 
42B flows into the 2nd mainstream way 76 of an outside, and is guided at a longitudinal 
direction X. This refrigerant is supplied to the inside mainstream way 56 from the run 
through-hole 78, and is guided at the above-mentioned guidance direction and above- 
mentioned opposite direction of the 2nd mainstream way 76 of an outside. If the pressure of 
the refrigerant in this inside mainstream way 56 increases, this refrigerant flows out of 
ramus-medialis passage 56A, and fills the interior of shell 44. The refrigerant which flowed 
along the cross direction Y and cooled the coil 40 flows in in the 2nd mainstream way 52 of 
the inside through pore 54. The refrigerant which flowed in in this 2nd mainstream way 52 
of the inside is guided at a longitudinal direction X, and is discharged from an exhaust pipe 
55. 

[0057] According to this coil unit 32, it has wrap dual structure with shell 44 and the 
outside covering 64 in the coil 40. Furthermore, while a refrigerant is guided by the 1st 
mainstream way 70 of an outside, and the inside mainstream way 56 at a longitudinal 
direction X (diffusion), it is the structure which flows out crosswise [ Y ] after that. 
Therefore, in each crevices 42 and 42B, the countercurrent flow of the cross direction Y is 
formed relatively. 

[0058] Since uniform cooling is attained in both directions of a longitudinal direction X and 
the cross direction Y by diffusion of the longitudinal direction X of these refrigerants, and 
crosswise Y countercurrent flow, the whole coil unit 32 can be covered and temperature 
can be made uniform by them. Consequenfly, even if it does not increase the flow rate of a 
refrigerant, as compared with the former, cooling efficiency can be raised sharply. 
[0059] For example, according to the analysis result by this invention person, when the 
flow rate of 200 (W) and a refrigerant is temporarily set to 2 (1/min) for the calorific value 
of a coil, the temperature of the outside surface of the conventional coil unit is stopped by 
about 0.45-degree C temperature rise in the coil unit 32 of a **** 1 operation gestalt to 
going up by about 2.5 degrees C. In addition, although the above-mentioned analysis result 
changes with the quality of the material of shell, or kinds of refrigerant, the result which 
was extremely excellent in the case of which can be obtained. 

[0060] Especially the refrigerant that flows crevice 423 of the outside covering 64 and shell 
44 intercepts effectively the influence of heat transfer to the exterior of a coil 40, and has 
wrap structure with the refrigerant of a low-temperature state most in the portion of shell 44 
which serves as an elevated temperature most. That is, since the low-temperature 
refrigerant which just flowed to outside crevice 428 will cover the hot refrigerant in front 
of the recovery in shell 44, in addition to improvement in the cooling efficiency of a coil 
40, it can reduce sharply the amount of heat transfer to external atmosphere. 
[0061] Moreover, since it is collected by the 2nd mainstream way 76 of an outside and the 
inside mainstream way 56 shows around again at a longitudinal direction X even when the 
flow of a refrigerant is confiised by flowing crevice 423 crosswise [ Y ], a uniform flow 
can be formed in a longitudinal direction X also in the crevice 42 between the front faces of 
a coil 40. Furthermore, since the refrigerants which cooled the coil 40 and changed into the 
elevated-temperature state are promptly collected through pore 54 on the 2nd mainstream 
way 52 of the inside, the stagnation of the refrigerant on a coil 44 is prevented and they can 
prevent a local elevated-temperature state. As for the above-mentioned pore 54, it is 
desirable to form many as much as possible, and it is made the shape of a slit and you may 
make it extend the passage cross section of pore 54 from this viewpoint. 



[0062] Moreover, since the 1st mainstream way 70 of an outside (the refrigerant of a low- 
temperature state is introduced most) intervenes between a clamp face 60 and a coil 40, the 
amount of heat transfer to a clamp face 60 is suppressed, and the thermal expansion by the 
side of a partner machine is reduced sharply. 

[0063] Furthermore, in the **** 1 operation gestalt, since a refrigerant moves in order of 
the feed-holes 72 -> run through-hole 78 -> exhaust pipe 55, if it thinks on the whole, the 
countercurrent flow is formed in the longitudinal direction X. Especially, between the 1st 
mainstream way 70 of an outside, the 2nd mainstream way 52 of the inside and the 2nd 
mainstream way 76 of an outside, and the inside mainstream way 56, the countercurrent 
flow is formed clearly, and uniform cooling of a longitudinal direction X is attained by this. 
Moreover, since feed holes 72 and an exhaust pipe 55 approach, an external piping design 
becomes very easy. 

[0064] Although the refrigerant of an elevated-temperature state will pass most to an 
exhaust pipe 55, since the 1st mainstream way 70 encloses the circumference of this 
exhaust pipe 54 (refer to drawing 6 ), heat transfer to the clamp face 60 from this exhaust 
pipe 55 can be reduced, and the thermal expansion of the other party machine is reduced by 
this. 

[0065] Next, v^th reference to drawing 8 and drawing 9 , the coil unit 132 concerning the 
2nd operation gestalt of this invention is explained. In addition, about a portion, a member, 
etc. which are not explained concretely below, since it is the same as that of the coil unit 32 
concerning the above-mentioned 1st operation gestalt almost, into the same portion, 
detailed explanation of composition, an operation, etc. abbreviates 2 figures to this coil unit 
32 the bottom by ****** which attaches the same sign. 

[0066] Two or more run through-holes 178 which supply a refrigerant to the interior of 
shell 144 are formed in the 2nd mainstream way 176 of an outside in this coil unit 132 at 
intervals of predetermined at the longitudinal direction X. the [ this / outside ] ~ 2 
mainstream ways 176 - these free passages - a direct refrigerant can be supplied to a 
crevice 42 through a hole 178 Therefore, the inside mainstream way 56 in the coil unit 32 
of the 1st operation gestalt is not formed (it can be said that the 2nd mainstream way 176 of 
an outside serves as the fimction of an inside mainstream way). 

[0067] Also in this coil unit 132, while a refrigerant is guided by the 1st mainstream way 
170 of an outside at a longitudinal direction X, it is drawn crosswise [ Y ] through the 
branch passage 174. the [ fiirthermore, / outside ] - 2 mainstream ways 176 ~ also setting - 
- two or more free passages ~ pass a hole 178 ~ a refrigerant is drawn crosswise [ Y ] 
Therefore, by diffusion of the refrigerant of a longitudinal direction X, and the 
countercurrent flow of the cross direction Y, an effect almost equivalent to the above- 
mentioned 1st operation gestalt can be acquired, and a internal structure can be frirther 
made briefer than the 1st operation gestalt. 

[0068] the [ in addition, / above / the 1st and ] ~ 2 operation gestalten - setting - the 
branch passage 74 and a free passage - although the case where the hole 1 78 was arranged 
at equal intervals at the longitudinal direction was shown, this invention is not limited to it 
Moreover, there is especially no limit also about the length and the configuration of the 
branch passage 74 or the run through-hole 178. 

[0069] Furthermore, the concept of pouring the refrigerant in this invention crosswise [ Y ] 
takes into consideration the case where a coil unit is seen on the whole. That is, it is within 
the limits which this invention assumes though this invention is positively passed crosswise 
to having poured the refrigerant positively to a longitudinal direction conventionally and 
some gaps and stagnation are in the flow of the cross direction of a refrigerant. 
[0070] Although the coil unit 32,132 shown above has put the chief aim on preventing the 
influence of heat transfer to the exterior of a coil 40, if a refrigerant is poured on the 



contrary in this structure, it can acquire the thermolysis structure of reducing the 
temperature rise of a coil itself as much as possible (if it is made to flow backwards). 
[0071] What is necessary is to let the 1st guidance way and the inside mainstream way 56 
into the 2nd guidance way, and just to let [ an exhaust pipe 55 ] feed holes 72 be a 
discharge hole for a supply pipe and the 2nd mainstream way 52 of the inside in the coil 
unit 32 specifically shown by drawing 5 . If it does in this way, the refrigerant supplied 
from a supply pipe (exhaust pipe 55) will be guided by the 1st guidance way (the [ inside ] 
2 mainstream ways 52) at a longitudinal direction X, and a refrigerant will be drawn 
crosswise [ Y ] by the front face of a coil 40 through pore 54. The refrigerant which cooled 
the coil 40 is caught by the 2nd guidance way (inside mainstream way 56), and is drawn by 
crevice 42B of shell 44 and the outside covering 64. Finally the refrigerant which cooled 
the coil 40 positively by heat being effectively emitted outside by the outside covering 64 
will be discharged from a discharge hole (feed holes 72). 
[0072] 

[Effect of the Invention] According to the coil unit concerning this invention, while raising 
the cooling efficiency of a coil sharply, heat transfer over a surrounding atmosphere and a 
surrounding partner machine can be suppressed sharply. Therefore, the positioning 
accuracy of tiie partner machine by the linear motor can be raised. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the technology 
which cools a coil with a refrigerant especially about the coil unit equipped with the coil by 
which opposite arrangement is carried out at the magnet in a linear motor, and the shell 
which holds this coil in the interior and cools this coil through a refrigerant in the crevice 
between selves for linear motors. 



PRIOR ART 



[Description of the Prior Art] an aligner, a high precision finishing machine, etc. for the 
conventional, for example, semiconductor, manufacture setting an object (for example, 
the wafer and workpiece which are exposed) -- high degree of accuracy ~ and to position 
quickly is demanded In this case, as a precision pointing device used, what changes rotation 
of a rotated type motor into rectilinear motion by the ball thread etc., the rectilinear-motion 
type motor (the so-called linear motor), etc. are used widely. 

[0003] Also in this, structure of a linear motor is brief, part mark end few, and have the 
merit that the direct use of the rectilinear motion can be carried out ftirther, and it can 
position an object quickly. Moreover, since there is little frictional resistance at the time of 
a drive, it also has the feature that a precision of operation can be raised. It is becoming in 
use [ the above reason to a linear motor ] as a straight-line driving gear of all fields with 
which precise positioning is demanded, for example, the manufacturing process of a liquid 
crystal display is also used widely. 

[0004] Generally this linear motor consists of a magnetic pole unit equipped with the 
magnet, and a coil unit equipped with the coil. A magnetic pole unit or a coil unit is 
connected with a predetermined pedestal, it fiinctions as a stator, and another side is 
connected with a move table etc. and fiinctions as a needle. The fixed crevice is left so that 
it may not contact mutually, and where the crevice is maintained, rectilinear motion of this 
magnetic pole unit and the coil unit is carried out relatively. 



[0005] By the way, the coil prepared in the above-mentioned coil unit will generate heat, if 
current is supplied. This generation of heat is transmitted to the whole coil unit, and is 
further transmitted to a pedestal, a move table, etc. which have been combined with this 
coil unit. Consequently, two problems as shown below occur. 
[0006] (1) It becomes the factor which the coil unit itself and the other party machine 
connected with this coil unit expand thermally [ factor ], and makes positioning accuracy 
produce an error with the heat of a coil. Specifically, if the other party machine connected 
with a coil unit was low-fever expansion material (coefficient of thermal expansion 1x10-6) 
with a length of 100mm, lOOnm heat deformation arises by the 1 -degree C temperature rise. 
Therefore, when the positioning accuracy of nano meter order is required, this thermal 
expansion cannot become a cause and a demand cannot fully be filled. 
[0007] (2) Near the linear motor, the laser interferometer which measures movement of this 
linear motor is installed. If a surrounding atmosphere is heated by the coil unit and 
"fluctuation" occurs by it, the optical path of a laser beam v^U be affected and a 
measurement error will arise. 

[0008] Here, a refrigerant is poured between the clamp face of the other party machine in a 
coil unit, and a coil as what solves the problem of (1), and the technology of preventing 
transfer of the heat from a coil is known. However, in this technology, the temperature rise 
of the atmosphere around a coil unit could not be suppressed, and the trouble of (2) was not 
solved after all. 

[0009] Then, the coil unit 10 as shown in drawing 10 and drawing 1 1 is proposed as what 
solves the problem of the both sides of (1) and (2) collectively. This coil unit 10 is used for 
a linear motor 1, and opposite arrangement is carried out at the magnet 3 of the magnet unit 
2. 

[0010] Concretely, this coil unit 10 equips a magnet 3 with the shell 14 which can cool a 
coil 12 through a refrigerant in the crevice 13 between a coil 12 and self while holding the 
plate-like long coil 12 and this coil 12 in the interior at the travelling direction X by which 
opposite arrangement is carried out. On the other hand, the magnet unit 2 is equipped with 
the cross-section KO character-like base 4, and the above-mentioned magnets 3 and 3 are 
attached in wall 4A countered in this base 4. 

[001 1] The clamp face 16 to the other party machine is formed in the outside of one edge 
14A of the cross direction Y in shell 14, the feed holes 18 which supply a refrigerant to the 
crevice 13 between shell 14 are formed in the end side of the longitudinal direction X of 
this clamp face 16, and the discharge hole 20 which discharges this refrigerant is formed in 
the other end side. When the coil unit 10 is connected with a "fixed side" other party 
machine through this clamp face 16, the coil unit 10 serves as a stator and the magnet unit 2 
serves as a needle. On the contrary, when the coil unit 10 is connected with a "movement 
side" partner machine, the coil unit 10 serves as a needle and the magnet unit 2 serves as a 
stator. 

[0012] The refrigerant supplied from feed holes 18 is diffused in the crevice 13 between a 
coil 12 and shell 14, and delivers and receives heat between coils 12. Therefore, the coil 12 
which generates heat by current is cooled, and a refrigerant is heated. Since the heated 
refrigerant is discharged from a discharge hole 20, heat is not accumulated inside the coil 
unit 10, but the radiation to a surrounding atmosphere is reduced. Therefore, this linear 
motor 1 can lessen influence on the exterior by generation of heat of a coil 12, and highly 
precise positioning is possible for it. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to the coil unit concerning this invention, while raising 
the cooling efficiency of a coil sharply, heat transfer over a surrounding atmosphere and a 
surrounding partner machine can be suppressed sharply. Therefore, the positioning 
accuracy of the partner machine by the linear motor can be raised. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in such a coil unit 10, it was not 
necessarily able to be said that sufficient cooling effect was acquired, if the diffusion 
situation of the refrigerant in shell 14 is concretely shown in drawing 12 typically ~ a 
refrigerant - A, B, and C - it becomes ... with a parallel flow with a breadth gradually, and 
it is discharged from a discharge hole 20, converging with F, G, and H finally Since a 
refi-igerant is heated as it moves to a downstream, as mostly in agreement with the order of 
this A and B, C...E, and G and H, temperature will rise. 

[0014] The temperature of the refrigerant in this resuh, especially the downstream (E, G, H) 
neighborhood was rising sharply as compared with the upstream, and it had the problem 
that heat transmitted to shell 14 through the refrigerant of this elevated-temperature state, 
and it was radiated outside while cooling efficiency fell. Furthermore, heat transmitted to 
the clamp face 16 through the refrigerant of the elevated-temperature state of a 
downstream, and it had also become the cause which induces the thermal expansion by the 
side of a partner machine. 

[0015] And this property is generated unescapable, even if the pressure (supply pressure) of 
a refrigerant and the size of a crevice are designed comparatively good. Moreover, when a 
design was not good, it is the situation which the portion into which a refrigerant hardly 
flows tends to produce, and there was fault also with a bird clapper much more notably. 
[0016] Although the flow rate of a refrigerant was increased and cooling efficiency needed 
to be raised in order to solve these, when the large crevice 13 was taken for flow rate 
increase, the magnet 3 by the side of the magnet unit 2 and the distance S between three 
(refer to drawing 1 ) became large, flux density became small, and there was a problem that 
the driving force of a linear motor 1 decreased. Moreover, when the flow rate of a 
refrigerant was increased, thickness of shell 14 needed to be thickened, pressure resistance 
needed to be raised, and this thick increase also affected the fall of the driving force (thrust) 
of a linear motor 1 . 

[0017] On the other hand, the demand of wanting to suppress the temperature rise of a 
linear motor on still higher level is increasing with the advancement of a manufacture 
process in recent years. However, there is a limitation in the refrigeration capacity of the 
coil 12 in the coil unit 10, and the present condition is that it cannot be satisfied [ with the 
situation that fixed restrictions are imposed on the thickness of shell 14, the size of a 
crevice 13, etc. ] of the above-mentioned demand. 

[0018] this invention is made in view of the trouble relevant to uneven cooling and the 
shortage of refrigeration capacity of the coil by the refrigerant as shown above, and aims at 
reducing the temperature rise of a coil unit by leaps and bounds than before according to 
the new cooling structure using the refrigerant. 



MEANS 



[Means for Solving the Problem] While this invention leaves a predetermined crevice and 
holds the coil by which opposite arrangement is carried out at the magnet of a linear motor, 
and this coil in the interior While leaving a predetermined crevice and holding shell in the 
interior in the coil unit used for the linear motor which equipped this crevice with the shell 
which can cool this coil through the refrigerant While introducing in self the refrigerant 
which is prolonged and formed in this crevice through a refrigerant at a longitudinal 
direction near the crosswise end edge of the shell in outside covering which can cool shell, 
and this outside covering, and is supplied from the outside While receiving the refrigerant 
which was prolonged and formed in the outside surface of shell in this refrigerant at the 
longitudinal direction the 1st mainstream way of an outside which can be derived 
crosswise, and near the crosswise other end edge of the shell in outside covering, and has 
flowed the outside surface of shell crosswise through the 1st mainstream way of an outside 
The above-mentioned purpose is attained by having the exhaust pipe which can be 
discharged outside for the refrigerant which has flowed the 2nd mainstream way of an 
outside which can be supplied in shell, and the coil front face in shell in this refrigerant. 
[0020] In this coil unit, the double cooling structure by arranging outside covering in the 
circumference of shell further was adopted. Moreover, further, it is shown to a refrigerant 
by the 1st mainstream way of an outside at the longitudinal direction of a coil (low- 
temperature state), and first has the structure where a refrigerant (turning to an other end 
side from an end side) flows the crevice between shell and outside covering crosswise 
through this 1st mainstream way of an outside, by it. this refrigerant ~ the [ outside ] ~ pass 
2 mainstream ways ~ the interior of shell is supplied - having — a coil front face — the 
cross direction ~ (— it flows from an other end side to) towards an end side, and is 
discharged from an exhaust pipe (in the state where it became an elevated temperature 
most) 

[0021] therefore, the thing for which equalization of cooling is attained by the longitudinal 
direction - in addition, since it is the structure which cools a coil front face and a shell 
outside surface by the so-called countercurrent flow, crosswise equalization is also attained, 
the whole coil unit is covered, and temperature tends to become uniform, and cooling 
efficiency is also raised more sharply than before Consequently, the local temperature rise 
of a surrounding atmosphere is prevented. 

[0022] moreover, it was supplied in outside covering — with the refrigerant of a low- 
temperature state, just before being discharged in shell, the refrigerant of an elevated- 
temperature state is covered most Moreover, near the crosswise middle, the refrigerant 
which flows the inside of outside covering and which changed into the elevated- 
temperature state moderately (cooling a coil) in shell is moderately covered with the 
refrigerant of a low-temperature state. Thus, since heat transfer of a coil is suppressed 
outside by existence of the refrigerant in outside covering very rationally from inside, the 
temperature rise of a coil unit can be reduced by it more sharply than before. 
[0023] In addition, it sets to the above-mentioned invention, and while introducing in self 
the aforementioned refrigerant supplied from the 2nd mainstream way of an outside, you 
may make it to be prolonged and formed in the 2nd mainstream road side of an outside in 
shell at a longitudinal direction, and equip the front face of the coil in the aforementioned 
shell with the inside mainstream way which can be derived crosswise for a refrigerant 
frirther. 

[0024] Since according to this structure it is dravm by the coil front face after a refrigerant 
is again introduced into a longitudinal direction by the inside mainstream way even if it is 
the case (confused) where the flow of a refrigerant becomes uneven by having flowed to 
the 2nd mainstream way of an outside, uniform cooling of a coil is attained. 
[0025] It is prolonged and formed in the 1st mainstream road side of an outside in shell at a 



longitudinal direction, and while receiving the refrigerant which has flowed the coil front 
face in shell crosswise, you may make it have further the 2nd mainstream way of the inside 
which can discharge this refrigerant from an exhaust pipe in the above-mentioned 
invention. 

[0026] The refrigerant which became an elevated temperature by cooling a coil must be 

discharged outside as promptly as possible, and must suppress the influence of the heat to 
the circumference. Then, since according to this structure the refrigerant of an elevated- 
temperature state is promptly discharged first by the 2nd mainstream way of the inside and 
is not overdue to the circumference of a coil, the local elevated-temperature state on a coil 
is prevented. 

[0027] Furthermore, since the 2nd mainstream way of the inside of a longitudinal direction 
where this refrigerant (elevated-temperature state) is introduced can be covered by the 1st 
mainstream way of an outside of a longitudinal direction where the refrigerant of a low- 
temperature state is introduced most, heat transfer to circumference atmosphere or a 
machine clamp face is suppressed. In addition, the machine clamp face which attaches this 
coil unit in the other party machine has the desirable 1st mainstream road side of an outside 
in the periphery of outside covering so that clearly from the above-mentioned contents. 
This is because heat transfer from a coil is intercepted by this 1st mainstream way of an 
outside. 

[0028] Moreover, in the above-mentioned invention, while forming in the longitudinal 
direction end close-attendants side of outside covering the feed holes which can supply a 
refrigerant to the 1st mainstream way of an outside It is desirable to arrange the exhaust 
pipe which can form the run through-hole which can be supplied in shell for the refrigerant 
guided into self at the longitudinal direction other end close-attendants side of the 2nd 
mainstream way of an outside, and can discharge the refrigerant in this shell in the 
aforementioned equivalent position near the feed holes in shell. 

[0029] thus - if it carries out — a feed-holes -> free passage — a hole - since a refrigerant 
moves in order of -> exhaust pipe, ifit a refrigerant will be supplied from feed 

holes, and it will move in the diagonal line top of a coil unit, and will become the cooling 
structure which retums to near the feed holes again and is discharged from an exhaust pipe 
Therefore, the whole coil can be covered, the still more uniform cooling effect can be 
acquired, and suppression becomes possible on still higher level about the temperature rise 
of a surrounding atmosphere. Moreover, since a supply and eccrisis side approaches, an 
extemal piping design becomes easy. 

[0030] Furthermore, if it is desirable to arrange near the downstream of feed holes [ in / the 
1st mainstream way of an outside / for the above-mentioned exhaust pipe ] as it penetrates 
and it does in this way The heat which a coil generates after only the refrigerant in an 
exhaust pipe has got warm is recoverable, suppressing the local temperature rise of the coil 
unit near the exhaust pipe, since the peripheral face of the exhaust pipe which the 
refrigerant of an elevated-temperature state passes most is cooled with the refrigerant which 
flows the 1st mainstream way of an outside. In addition, it is located in the longitudinal 
direction inside near the downstream of feed holes rather than feed holes, and they are 
being close to these feed holes, and abbreviation homonymy. 

[0031] the [ moreover, / in all the above-mentioned invention / outside ] ~ as a means by 
which 1 mainstream way derives a refrigerant crosswise to the outside surface of shell ~ 
the [ for example, / outside ] ~ the branch passage of plurality [ way / mainstream / 1 ] - a 
longitudinal direction predetermined interval ~ forming — the / this / outside / — it is 
desirable to branch the refrigerant introduced in 1 mainstream way by each of two or more 
of these branch passage, and to enable derivation crosswise of it at the outside surface of In 
addition, the number of these branch passage, a configuration, length, etc. are not limited at 



all, and, in short, just derive a refrigerant crosswise. 

[0032] Furthermore, it is desirable to form in the down-stream edge of this branch passage 
the subpassage of the longitudinal direction which can once be stored for the 
aforementioned refrigerant drawn from this branch passage, and to enable derivation of this 
refrigerant through subpassage at the outside surface of the aforementioned shell. Since 
according to this structure it is drawn by the outside surface of shell while the refrigerant 
drawn from each branch passage is spread in a longitudinal direction by subpassage and a 
pressure and a flow rate are equalized by the longitudinal direction, the homogeneity of the 
temperature distribution of the peripheral face of a coil unit can be raised. Moreover, by 
branch passage, since the pressure of a refrigerant [ in / the 1st mainstream way / by 1 or 
subpassage ] is spread in a longitudinal direction and flows in crosswise, though it is also 
possible to make thickness of outside covering or shell thin and it is made into double 
cooling structure, a coil unit can be constituted comparatively compactly. 
[0033] By the way, it is one side, and if a refrigerant is poured to opposite direction, it 
comes to be able to do usage which raised the "thermolysis nature" of a coil unit more, 
although it sets it as the main purposes that the above thought suppresses the thermal effect 
which a coil unit has on a surrounding atmosphere and a surrounding partner machine. 
[0034] While leaving a predetermined crevice and specifically holding the coil by which 
opposite arrangement is carried out at the magnet of a linear motor, and a coil in the interior 
While leaving a predetermined crevice and holding shell in the interior in the coil unit used 
for the linear motor which equipped the crevice with the shell which can cool this coil 
through the refrigerant Through a refrigerant, near the crosswise end edge of outside 
covering which can cool this shell, and the coil in shell, it is prolonged in a longitudinal 
direction and formed at it between these. While introducing in self the refrigerant supplied 
from the outside, this refrigerant The 1st guidance way which can be derived crosswise on 
the surface of a coil, While receiving the refrigerant which was prolonged and formed in 
the longitudinal direction near the crosswise other end edge of the coil in shell, and has 
flowed the front face of a coil crosswise through the 1 st guidance way What is necessary is 
just to have the discharge hole which can be discharged outside for the refrigerant which 
has flowed the 2nd guidance way which can be supplied to the crevice between shell and 
outside covering, and the shell outside surface in this refrigerant. 

[0035] In short, this invention considers conversely the flow (the upstream, lower stream of 
a river) of the refrigerant of structure explained so far. 

[0036] If it does in this way, the heat of a refrigerant will be emitted outside because the 
refrigerant of a low-temperature state cools a coil front face first and flows the crevice 
between shell and outside covering after that. Therefore, since a coil can be cooled 
positively, it is suitable when the temperature rise of a coil itself needs to be especially 
reduced as much as possible in a mass linear motor (suppression of the temperature rise of a 
surrounding atmosphere). In addition, what is necessary is just to apply reversely all the 
things that also showed still more detailed structure above. 
[0037] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is 
explained in detail, referring to a drawing. 

[0038] The coil unit 32 used for the linear motor 30 conceming the 1st operation gestalt is 
shown in drawing 1 and drawing 2 . 

[0039] While the coil unit 32 leaves the predetermined crevice 42 and holds the plate-like 
coil 40 long to the travelling direction X (refer to drawing 2 ) by which opposite 
arrangement is carried out at the magnets 36 and 36 of the magnet unit 34, and this coil 40 
in the interior While breaking predetermined crevice 42B in this crevice 42 and holding in 
it the shell 44 which can cool a coil 40, and this shell 44 in the interior through a 



refrigerant, this crevice 42B is equipped with the outside covering 64 which can cool shell 
44 through a refrigerant. In addition, this magnet unit 34 is equipped with the cross-section 
KO character-like base 38, and is the structure where the above-mentioned magnets 36 and 
36 were attached in wall 38A of this base 38. 

[0040] The cross section perpendicular to travelling direction X has become I character-like 

(saddle type), and more specifically, the piece 46 of a coil shown in drawing 3 combines 
two or more plate-like coils 40, they are carried out, and are constituted. Although this 
piece 46 of a coil coils copper wire in the shape of a ring, it is orthopedically operated as a 
whole so that the ends of bay 46 A and this bay 46 A may be equipped vdth flection 46B by 
which incurvation formation is carried out (exterior). Therefore, as shown in drawing 4 , 
two or more pieces 46 of a coil are combined by tums so that bay 46A may overlap, and the 
above-mentioned I character-like coil 40 is constituted for U layers of V layers of W layers 
of then cross sections in order of travelling direction X. In the state with this, since it is 
not connected mutually but decomposes, as shown in drawing 2 , the mould of this coil 40 
is really carried out with Resin G with the coil electrode holder 48 of the longitudinal 
direction arranged at the crosswise Y end marginal 40A side. 

[0041] Shell 44 is a member which holds a coil 40 in the interior, and is equipped vnth the 
plate 50 made from stainless steel connected with the above-mentioned coil electrode 
holder 48 and this above-mentioned coil electrode holder 48. As a plate 50 meets in the 
shape of [ of a coil 40 ] a cross section of I characters, it is crooked, and where a coil 40 is 
held in the interior, the predetermined crevice 42 is formed in bay 46A of this coil 40. 
[0042] The outside covering 64 is a member which holds shell 44 in the interior, equips the 
travelling direction X attached in crosswise Y outside of the coil electrode holder 48 with 
the long outer cover 66 and the outside plate 68 made from stainless steel connected with 
this outer cover 66, and is constituted. As the outside plate 68 meets the plate 50 of shell 
44, it is crooked on it, and where shell 44 is held in the interior, predetermined crevice 42B 
is formed (in bay 46 A considerable position of a coil 40). 

[0043] Next, with reference to drawing 1 and drawing 5 - drawing 7 , the cooling structure 
of the coil 40 in the coil unit 32 is explained in detail. 

[0044] As shown in drawing 5 and drawing 6 , near the crosswise end marginal 44A of the 
shell 44 in the outside covering 64, the 1st mainstream way 70 of an outside prolonged in a 
longitudinal direction (it is the same as travelling direction) X is formed. The feed holes 72 
which can supply a refrigerant to this 1st mainstream way 70 of an outside are formed in 
the longitudinal direction end 70A close-attendants side of this 1st mainstream way 70 of 
an outside, and the refrigerant supplied from these feed holes 72 is guided by the 1st 
mainstream way 70 of an outside at a longitudinal direction X. 
[0045] Two or more branch passage 74 is formed in this 1st mainstream way 70 of an 
outside at intervals of longitudinal direction X predetermined. The refrigerant introduced by 
this branch passage 74 in the 1 st mainstream way 70 of an outside branches, and the outside 
surface (crevice 42B) of shell 44 is flowed crosswise [ Y ]. 

[0046] The 2nd mainstream way 76 of an outside prolonged in a longitudinal direction X is 
formed in the crosswise other end marginal 44B close-attendants side of the shell 44 in the 
outside covering 64. the [ this / outside ] - the 2 mainstream passage 76 - the [ outside ] - 
pass 1 mainstream way 70 and the branch passage 74 ~ while receiving the refrigerant 
which has flowed outside-surface 44C (crevice 42B) of shell 44 crosswise [ Y ], this 
refrigerant is supplied to the interior of shell 44 In addition, this 2nd mainstream way 76 of 
an outside is formed by extending the crevice between a plate 50 and the outside plate 68 
(crevice 42B near the bay 40A of a coil 40). 

[0047] The subpassage 78 of the longitudinal direction X which can once be stored is 
formed in down-stream edge 74A (refer to drawing 1 ) of the above-mentioned branch 



passage 74 in the refrigerant drawn from here. This subpassage 78 has structure which 
derives this refrigerant to crevice 42B while storing a refrigerant, and it has the so-called 
role like a buffer. In addition, this subpassage 78 is formed by extending the crevice 
between a plate 50 and the outside plate 68 rather than the above-mentioned crevice 42B. 
[0048] In addition, the above-mentioned 1st mainstream way 70 of an outside and the 
branch passage 74 form a slot in the wall of an outer cover 66 by cutting etc., and should 
just consist of aforementioned slots in the state where this outer cover 66 was attached in 
the coil electrode holder 48. 

[0049] Next, the cooling structure inside shell 44 is explained. 
[0050] As shown in drawing 5 , the inside mainstream way 56 prolonged in the 2nd 
mainstream way 76 side of an outside at a longitudinal direction X is formed in the interior 
of shell 44. That is, the 2nd mainstream way 76 of an outside and the inside mainstream 
way 56 are arranged in parallel, the [ this / outside ] ~ the free passage which connects 
these with longitudinal direction X other end side of 2 mainstream way 76 and inside 
mainstream way 56 56B (namely, the feed holes 72 and the opposite side in a longitudinal 
direction X) — a hole 78 forms ~ having — this free passage — a hole 78 — minding 

~ the [ outside ] — the refrigerant guided in 2 mainstream ways 76 is supplied to the inside 
mainstream way 56 in addition, passage formation of the longitudinal direction X by which 
this inside mainstream way 56 has been arranged in shell 44 — it is constituted by forming a 
slot in a member 57 

[0051] Two or more ramus-medialis passage 56A at a predetermined interval is formed in 
this inside mainstream way 56 at the longitudinal direction X, and the refrigerant guided in 
the inside of the inside mainstream way 56 at the longitudinal direction X is drawn 
crosswise [ Y ] by the front face of a coil 40 through this ramus-medialis passage 56A (in 
crevice 42). In detail, this branch passage 56A is formed in the three directions for every 
predetermined interval, respectively (refer to drawing 1 ), and the refrigerant dravm from 
each flows to the crevice 42 side. 

[0052] As shown in drawing 7 , the 2nd mainstream way 52 of the inside which receives 
the refrigerant which has flowed the front face of a coil 40 crosswise [ Y ] is formed in the 
1st mainstream way 70 side of an outside in shell 44. Pore 54 is formed in this 2nd 
mainstream way 52 of the inside at intervals of longitudinal direction X predetermined 
(refer to drawing 1 ), and the refrigerant which has flowed the front face of a coil 40 flows 
into the 2nd mainstream way 52 of the inside through two or more pores 54. Furthermore, 
the exhaust pipe 55 which can discharge the refrigerant collected by this 2nd mainstream 
way 52 of the inside is formed in the end 52A side of the longitudinal direction X in this 
2nd mainstream way 52 of the inside. More specifically, the above-mentioned exhaust pipe 
55 penetrates and opening of near the downstream of the feed holes 72 in the 1st 
mainstream way 70 of an outside is carried out to an outer cover 66 side. That is, the 1st 
mainstream way 70 of an outside encloses the circumference of an exhaust pipe 55 (refer to 
drawing 6 ). 

[0053] In addition, what is necessary is just to form the 2nd mainstream way 52 of the 
inside, and the pore 54 grade in the coil electrode holder 48 before really carrying out the 
mould of the coil 40 by cutting etc. 
[0054] Next, an operation of this coil unit 32 is explained. 

[0055] The refrigerant supplied from feed holes 72 is guided by the 1st mainstream way 70 
of an outside at a longitudinal direction X. If the pressure of this 1st mainstream way 70 of 
an outside increases, a refrigerant will flow into the subpassage 78 through the branch 
passage 74. Since the amount of refrigerants introduced into the subpassage 78 is already 
considerably equalized by the ftmction of the 1 st mainstream way 70 of an outside in the 
longitudinal direction X from each branch passage 74, the pressure of the refrigerant in the 



subpassage 78 is flirther equalized in the longitudinal direction X. And the refrigerant in 
this subpassage 78 flows into crevice 42B crosswise [ Y ]. 

[0056] The refrigerant which cooled outside-surface 44C of shell 44 through this crevice 
42B flows into the 2nd mainstream way 76 of an outside, and is guided at a longitudinal 
direction X. This refrigerant is supplied to the inside mainstream way 56 from the run 
through-hole 78, and is guided at the above-mentioned guidance direction and above- 
mentioned opposite direction of the 2nd mainstream way 76 of an outside. If the pressure of 
the refrigerant in this inside mainstream way 56 increases, this refrigerant flows out of 
ramus-medialis passage 56A, and fills the interior of shell 44. The refrigerant which flowed 
along the cross direction Y and cooled the coil 40 flows in in the 2nd mainstream way 52 of 
the inside through pore 54. The refrigerant which flowed in in this 2nd mainstream way 52 
of the inside is guided at a longitudinal direction X, and is discharged from an exhaust pipe 
55. 

[0057] According to this coil unit 32, it has wrap dual structure with shell 44 and the 
outside covering 64 in the coil 40. Furthermore, while a refrigerant is guided by the 1st 
mainstream way 70 of an outside, and the inside mainstream way 56 at a longitudinal 
direction X (difJlision), it is the structure which flows out crosswise [ Y ] after that. 
Therefore, in each crevices 42 and 42B, the countercurrent flow of the cross direction Y is 
formed relatively. 

[0058] Since uniform cooling is attained in both directions of a longitudinal direction X and 
the cross direction Y by diffusion of the longitudinal direction X of these refrigerants, and 
crosswise Y countercurrent flow, the whole coil unit 32 can be covered and temperature 
can be made uniform by them. Consequently, even if it does not increase the flow rate of a 
refrigerant, as compared with the former, cooling efficiency can be raised sharply. 
[0059] For example, according to the analysis result by this invention person, when the 
flow rate of 200 (W) and a refrigerant is temporarily set to 2 (1/min) for the calorific value 
of a coil, the temperature of the outside surface of the conventional coil unit is stopped by 
about 0.45-degree C temperature rise in the coil unit 32 of a **** 1 operation gestalt to 
going up by about 2.5 degrees C. In addition, although the above-mentioned analysis result 
changes with the quality of the material of shell, or kinds of refrigerant, the result which 
was extremely excellent in the case of which can be obtained. 

[0060] Especially the refrigerant that flows crevice 42B of the outside covering 64 and shell 
44 intercepts effectively the influence of heat transfer to the exterior of a coil 40, and has 
wrap structure with the refrigerant of a low-temperature state most in the portion of shell 44 
which serves as an elevated temperature most. That is, since the low-temperature 
refrigerant which just flowed to outside crevice 42B will cover the hot refrigerant in front 
of the recovery in shell 44, in addition to improvement in the cooling efficiency of a coil 
40, it can reduce sharply the amount of heat transfer to external atmosphere. 
[0061] Moreover, since it is collected by the 2nd mainstream way 76 of an outside and the 
inside mainstream way 56 shows around again at a longitudinal direction X even when the 
flow of a refrigerant is confiised by flowing crevice 42B crosswise [ Y ], a uniform flow 
can be formed in a longitudinal direction X also in the crevice 42 between the front faces of 
a coil 40. Furthermore, since the refrigerants which cooled the coil 40 and changed into the 
elevated-temperature state are promptly collected through pore 54 on the 2nd mainstream 
way 52 of the inside, the stagnation of the refrigerant on a coil 44 is prevented and they can 
prevent a local elevated-temperature state. As for the above-mentioned pore 54, it is 
desirable to form many as much as possible, and it is made the shape of a slit and you may 
make it extend the passage cross section of pore 54 from this viewpoint. 
[0062] Moreover, since the 1st mainstream way 70 of an outside (the refrigerant of a low- 
temperature state is introduced most) intervenes between a clamp face 60 and a coil 40, the 



amount of heat transfer to a clamp face 60 is suppressed, and the thermal expansion by the 
side of a partner machine is reduced sharply. 

[0063] Furthermore, in the **** 1 operation gestalt, since a refrigerant moves in order of 
the feed-holes 72 -> run through-hole 78 -> exhaust pipe 55, if it thinks on the whole, the 
countercurrent flow is formed in the longitudinal direction X. Especially, between the 1st 
mainstream way 70 of an outside, the 2nd mainstream way 52 of the inside and the 2nd 
mainstream way 76 of an outside, and the inside mainstream way 56, the countercurrent 
flow is formed clearly, and uniform cooling of a longitudinal direction X is attained by this. 
Moreover, since feed holes 72 and an exhaust pipe 55 approach, an external piping design 
becomes very easy. 

[0064] Although the refrigerant of an elevated-temperature state will pass most to an 
exhaust pipe 55, since the 1st mainstream way 70 encloses the circumference of this 
exhaust pipe 54 (refer to drawing 6 ), heat transfer to the clamp face 60 from this exhaust 
pipe 55 can be reduced, and the thermal expansion of the other party machine is reduced by 
this. 

[0065] Next, with reference to drawing 8 and drawing 9 , the coil unit 132 concerning the 
2nd operation gestalt of this invention is explained. In addition, about a portion, a member, 
etc. which are not explained concretely below, since it is the same as that of the coil xmit 32 
concerning the above-mentioned 1st operation gestalt almost, into the same portion, 
detailed explanation of composition, an operation, etc. abbreviates 2 figures to this coil unit 
32 the bottom by ****** which attaches the same sign. 

[0066] Two or more run through-holes 178 which supply a refrigerant to the interior of 
shell 144 are formed in the 2nd mainstream way 176 of an outside in this coil unit 132 at 
intervals of predetermined at the longitudinal direction X. the [ this / outside ] — 2 
mainstream ways 176 ~ these free passages ~ a direct refrigerant can be supplied to a 
crevice 42 through a hole 1 78 Therefore, the inside mainstream way 56 in the coil unit 32 
of the 1st operation gestalt is not formed (it can be said that the 2nd mainstream way 176 of 
an outside serves as the function of an inside mainstream way). 

[0067] Also in this coil unit 132, while a refrigerant is guided by the 1st mainstream way 
170 of an outside at a longitudinal direction X, it is drawn crosswise [ Y ] through the 
branch passage 174. the [ fiirthermore, / outside ] - 2 mainstream ways 176 ~ also setting - 
- two or more free passages ~ pass a hole 178 - a refrigerant is drawn crosswise [ Y ] 
Therefore, by diffiision of the refrigerant of a longitudinal direction X, and the 
countercurrent flow of the cross direction Y, an effect almost equivalent to the above- 
mentioned 1st operation gestalt can be acquired, and a internal structure can be fiirther 
made briefer than the 1 st operation gestalt. 

[0068] the [ in addition, / above / the 1st and ] - 2 operation gestalten — setting ~ the 
branch passage 74 and a free passage - although the case where the hole 178 was arranged 
at equal intervals at the longitudinal direction was shown, this invention is not limited to it 
Moreover, there is especially no limit also about the length and the configuration of the 
branch passage 74 or the run through-hole 178. 

[0069] Furthermore, the concept of pouring the refrigerant in this invention crosswise [ Y ] 
takes into consideration the case where a coil unit is seen on the whole. That is, it is within 
the limits which this invention assumes though this invention is positively passed crosswise 
to having poured the refrigerant positively to a longitudinal direction conventionally and 
some gaps and stagnation are in the flow of the cross direction of a refrigerant. 
[0070] Although the coil unit 32,132 shown above has put the chief aim on preventing the 
influence of heat transfer to the exterior of a coil 40, if a refrigerant is poured on the 
contrary in this structure, it can acquire the thermolysis structure of reducing the 
temperature rise of a coil itself as much as possible (if it is made to flow backwards). 



[0071] What is necessary is to let the 1st guidance way and the inside mainstream way 56 
into the 2nd guidance way, and just to let [ an exhaust pipe 55 ] feed holes 72 be a 
discharge hole for a supply pipe and the 2nd mainstream way 52 of the inside in the coil 
unit 32 specifically shown by drawing 5 . If it does in this way, the refrigerant supplied 
from a supply pipe (exhaust pipe 55) will be guided by the 1st guidance way (the [ inside ] 
2 mainstream ways 52) at a longitudinal direction X, and a refrigerant will be drawn 
crosswise [ Y ] by the front face of a coil 40 through pore 54. The refrigerant which cooled 
the coil 40 is caught by the 2nd guidance way (inside mainstream way 56), and is drawn by 
crevice 42B of shell 44 and the outside covering 64. Finally the refrigerant which cooled 
the coil 40 positively by heat being effectively emitted outside by the outside covering 64 
will be discharged from a discharge hole (feed holes 72). 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section showing the linear motor to which the coil unit concerning 

the 1st operation gestalt of this invention is applied 

[Drawing 2] The perspective diagram showing this linear motor partially 

[Drawing 3] The perspective diagram showing the piece of a coil used for this coil unit 

[Drawing 4] The perspective diagram showing the coil constituted combining this piece of 

a coil two or more 

[Drawing 5] The fragmentary sectional view showing the cooling structure of this coil unit 
[Drawing 6] The VI-VI cross section of drawing 5 
[Drawing 7] The VII-VII cross section of drawing 5 

[Drawing 81 The cross section showing the coil unit concerning the 2nd operation gestalt of 
this invention 

[Drawing 9] The IX-IX cross section of drawing 8 

[Drawing 10] The cross section showing the conventional linear motor 

[Drawing 111 1 1 to 1 1 cross section of drawing 10 

[Drawing 12] The ** type view showing the diffusion situation of the refrigerant in the coil 

unit of this linear motor 

[Description of Notations] 

30 ~ Linear motor 

32,132 - Coil unit 

34 - Magnet unit 

36 ~ Magnet 

42, 423, 142, 142B Crevice 

44^144 „ Shell 

44A, 144A End edge 

44B, 144B -- Other end edge 

52,152 - The 2nd mainstream way of the inside 

54.154 - Pore 

55.155 — Exhaust pipe 

56 ~ Inside mainstream way 
60,160 - Clamp face 
64,164 ~ Outside covering 
66,166 - Outer cover 
68,168 - Outside plate 

70,170 - The 1st mainstream way of an outside 



74,174 — Branch passage 

76,176 - The 2nd mainstream way of an outside 

78,178 - Subpassage 

74,174 - Branch passage 
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[003 0] lic±iagtdl^*, ?HiJ^ l ^?Jfe58ii:*st:r 

[ 0 0 3 1 ] 3? . ±la<?>t£'C0|fe^g^c^.5t:^l>^?Hi]^ i ^ 

[003 2] wcc<j>^m^(r>yim^c\t, ^^ami)^ 

^Sicjc-^^Tim iiJfjfefiSicjr-^r. !¥lifjfeg8t^:fct'^ 
(or-. ?f?^><— ^t/a:jL.cr)f^/9^rif <'r^c:^tn^86'C 
[0 03 3] tC^X\ llacOct^^tEfili. n-TJUi 

[0034] :icf*fl«|tC|j:. ';::^r^:- ^om^lC^^A 



(5) 4*192 0 0 1-275334 

^^i^Wc^ismcm>xY&m.i^n. 5+g|iA>^m*S5n^ 
[0 03 5] c(ojm\t. mi, cnst?i(ii||L'C5?fc 

(±». Tift) «:ieiC«^ft;tcr)i:'*> 
[ 0 0 3 6 ] C ©i: ^ tdTtlli, «SttSS<0?^li?&^*T 
fe1?:rtn^CiX', ?%lK©Si3!)i^f*C»a3^n-S, fit-? 

[0037] 

[ 0 0 3 8 ] m Rum 2 icit. m i -m.^m^c^^ y 

[003 9] h32li. ia;5^^y h34 

^<Dm\ 4 2?: ^ W rrt gUiCJl^^T ^» i^tcc , ^ coitiH 
4 2 tC»tt-S:ii 3 ^ Jl. 4 0 -&?*t|J nlfifeft S.' A Jl. 4 4 
C0>i^T^}l4 4^^tE(D!^m4 2B^m^^X\^mc 
ihi^T^ii^ic, CO|fer^4 2Bi^:?^flS$:3iL'CS/x 
Jb4 4*?^iIlnI66^f5'fffliJA^<-6 4i. -Srii^ii. tt 

40 ^rfi^rfeO. C<?>'<--::^3 8(^rtM3 8ACC±teis;5 
3 6. 3 6j!)^K0W:r6n^c<i£r'^^o 
[0040] ¥«tt<^)=a ^1^4 0 li. ii?i:&ifiiXi^:Sit 

(i. @3tc:iJ^^fi^3^AM'4 6;0iSSftlIJ^^bi*5n 

^46Bi, ^liM^hJi^tcU^^tl^o S£^'CI34tC 
?n^tl&J:^tr. ^jK(][>:3^;U^4 6$it$l^4 6A3^ 
50 siUD^^Jr^tc^feStciai^'&tHi-. ii!f*|filX<?)lfi« 
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[004 1 ] >x)l44ttt. :3^jL.4 O^rt^iCte^-r 
^^gfJH-C^bO. ±52a>3H'j|.;J^;l.y4 8t. C^n^Jl. 

t. :/L"-h5 0(i, =3^';»^4 0<?>ffiSI^ 

era 4 2 3!^iBB£5 J: ^ ii: r c ^ -So 

[0 04 2] J*Wl:^^<-'6 4t*, x, }l 4 4 ^{f^^cU 

^ri>m^v^^. ^'^}\^^^)i^4B(Dimi^\^Ymuc 

6 Sfciiite^n^Ar >b;^S8(D?WPJ:?^u- ^ 6 8 6, 

<?>:fU'-h5 0£c?a^j:^ici.i:Ji*i5ni:teD. rtas 

tilt^j;jU4 4«:lte3&LffettSr' ( ^ ;1.4 ()<3!>i&«Sa4 

6 Affi^iiSC ) Wi^om4 2 B/O^ff^iS^ni Jc^ClI 

[0 04 3]:;ct£, liliai/@5-'a7«:#KL'C. ^ 
^^la:^ ;. YZ2i^m6^^)l4 0m^mmcr>\,^ 

[0 04 4] asao'igetc^^n^ct^ti:, wffl:^^ 

6 4 1^ CC teC:t ^ ^> 4 4 (Om-^m-^m 4 4 Aiil* 
(iHf*faiilS]0) X«c5iO'^54<MMl 
^acBS 7 0 tiXi^^^o C (mmm l 7 0 

7 0 A WMf* CC , C (Omtm 1 ^SJS 

7 0icf^fli^tttSpJ*iJfftt§?L7 2*^JB«$nx4.J0 . 

[ 0 0 4 5 ] c <i[)?HRiJM 1 ^imi 0 teSJ^tt* 

7 4 £r J: o -C^HIPJM 1 ^iSBS7 0 i^icm?'.^ tltc^m"^ 

i5{mmm4 4Bm^^ic{t. ^^iimi^cmu^mi 

»7 6ii, ?HilSll3£»iS70SO'aaEK7 4=l:^t:S/ 
:>;;l^4 4<^^mffi4 4C <|a^4 2B) ^«§:^[^)Y(C$ 

nx^fc^m^^tihtn^c, c<Di%m'-y:^>i4 4<j> 

iacBS7 6(*. ::/^-^5 0^^^fl:/l/--^6 8^<^>IS 
la?: ( 3 ^ Jl4 0<Dii[*ag|J4 0 AififflCEgra 4 2 B j: 0 

[0 04 7] ±left!ftSS7 4(OT?jMp7 4A (111$ 



C6) iSBa2 0 0 1 -275334 
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8kt}%t&^m^t^tmcc<o^t&^fm4 2 Bicmta 

t^is. CC^)iiIi3fcBS7aii. :/U-h&Oi?f 
iRiJ:/U'- h 6 8 to>mm^±.i^mm 2 B J: ^.te^fe-T 

itc J: -p-dBfiS^tl-Cl^^^o 
[0048] ±mmm l ^n!cBS7 0 J^fJ^ttfifeiS 

C(^?fS6 6 :2 ^ 5^4 8 tCW D WWfc«:Sc?>fr 

[0 049] ,X£C. 4CDP^gflC0?*iPlija£Cot,^ 

[0 05 0] SStc^^n-Sct^tc. •>*Jl.4 4coi^^ 

^mmemM^nxi.^6o ^^d. ?fisijii2^Tife?s 

2 *BitR7 6 trtfltefjfeBS 5 6 <?>^^*lfilXfl!l^ffl5 6 

;icn6*ater^3S®fL7 835>iff5fi£3n'Ctoo. c<d 

[ 0 0 5 1 ] C ©rtSttiilcBaS 6 tilt*. m^-^^XiCWi 

^PflBir'fe»©rtfflm?jB85 6A>!>W3nr4tfD. 

fJ^ni!»S5 6l*3^^^:frf^jXCC^rt^rijtf^flSStj!)S. C(?> 
Wft&K 5 6 A ^/r O-C n ^ 4 0 ©Office ( r^i 4 

30 ti. Ccr)tt|jfeBS5 6 Ati. -en eft 3:^16] 

[0052] 3; Jl. 4 4 {^(Chti^fUm 1 inicBS7 0 
Wet*, mK^m^tli^^'^i^C, ^^}l4 0<om^^im 

Y tiiisn-c * fc^u^^i^ ^mm2 5 2 
m3 nr t ^ -5 • c <Drt^lJ;i^ 2 ifjfeBS 5 2 cd ti^^*ifn 

X^AEfHPsftffltLS 4 364ffM^nr^^ 0 (13 1 #BB) , 

=3 ^U4 0 <o-^ii$:?jfent: ^tfc?^«it*|Ega0swtL 5 4 
itiyxmim2mmb2imni^t\ stc, cco^ffij 

40 M2SjfeK5 2tCfcW^g^*r&lXC0-'a5 2 A^iltc 

c(omm2mkm2i.cj:'?xmu^nfc^m^ 
\t. mtm 1 ^ ac»7 0 £c4^w^ffii&tL7 2 (ornSite 

±iSl3tttm5 5;!)SSiiO'C?f^6 61liJccr^D'r^> 
i£gS87 0*5W*JBBtfJ:^)C£:f^-,rc>l^ (136 # 
[0053] Al^a. rtftiJl^ 2^»K5 2RC>WL 54^ 

li. n ji. 4 0 - }i vr ^)um<o 3 ^ y 
50 4 8ictiifli|^<cj;-?'cfl5B»br*jm*:d:c^o 
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[0054] XiC, C(0::i'<il^::^-/ h32C[)f^ffltCO 

[ 0 0 5 5 ] fti§?L7 2ff^hm6^nfc^m{t. nmm 
mm 1 ^?*K7 oo>KM''^^ i> <b . )%mmM^i 4 

«r n- L -CiiliftfiS 7 8 tclTjfentii'r o ^SnSK 7 4 «^ ^lUift 

«;&^r^l4 2 B<C<i*|filYic*niAt*. 
[0 05 6] C©Sffi14 2 B^^ri^^JM 4Ci57f^ffl 
4 4 C-S:f%ilILft:fftl«tiJ^fflM2^fiicBS7 6 CCnictliA 

«il?L5 4 ^mxm\m2mM^ 5 2 l^^Cnlcfii^ 

[0 05 7] C©=]^Jl.a:^-:* h3 2iCJ:nt*. :3^JL. 
4 0 JU4 4SO'5?HII*'>''-6 4C^:J: -^-CS^Hs 

£z£B85 6(iij:^t:?$Ul30^g^:&i^X£^^ (hiiglE) ^ 
St^-C. SKH4 2, 4 2B0C*jc^'Ctl*tWcci)|Alfi]Y 
[0 058] c tt^<^>f^«<©^^:^f5iX(DteS^3Sfea««i:^ 

2<D±i^t,cm.^x'^&^^-^c.n>ctiy^x^h, ^o> 
^m. ^^<r>iitm4^iiti^:^iit£<Xi>. fiE^feitblib-C 

[0059] i9i]^t*, timM^cj:mVr^mc J:n 

2 ( l/mi 11) iL.fcii^ccli, frE*<D=3 -^^Ua:^ -^^ 
h©i4*ffl©S!g*i«2. 5-C±S'ri<^tC*tL'C. * 
|g 1 **fefl^iS©:3 ^ jUix h 3 2 X't*fiO . 4 5 'CQ 

m&±m^cmhnx\.^h. t^h. vxjKDWg^^^ust 

[0060] MJ*A-64i>3;Jl.44i(^)lt 

iH 4 2 B mmt. n ^ ;L 4 0 <o?f as-^cQ!aes 
-3t:<,»^o -^SD, ?fftitoi*K4 2Bic»nfc{**i*jc> 



(7) it$Ba2aO 1-275334 

12 

[0 06 1] 5^. Kftl4 2B^<i*f^YtCfjfen^CiiC 

6 cfc r @i|5! ^ nr wrtRij±«BS 5 e j: ^ -cs^ 
:^i5ixeci^i^^n^<D'c. n^jL.4 o«z)^a(Dr^^r^4 2 

10 nclti* . 2|fl7l 5 4 =£/r O r f^JliJ® 2 inteBS 5 2 oc jS^t^^cc: 
mi^tihox. ^'YJi4 4±cc:teii^?%i«a:>^cJ^^3()^p^ 

ctamit Lr < . X. A ij h i^cii WL5 4 coftxs 

ftiSgS^rte^r -5 Jr ^ tc -C ^ J: t ^ 
[0 06 2] X. liWffi6 0i3^^U4 0i<O[ffliC(i, 

ofi'^f\UiyXK^^<j>x\ miM^ i)^<DP\\^^'^i)mm 

20 [0063] sec, *M I «te^B!S«C4aC^ri*. j«te?L 

7 2 -ii]i?L7 e^gtaig 5 5 oinmc^Wfimmh 

nxie^^o »tc . mm 1 s?ft»7 0 tmimz mm 
5 2 . mmzmmi 6 ii^teacBS5 e i Horace 

^^McM^mPW^s&^tiXii^). ccoctt^c^^xiy 

&fij^xa>m-t^^mi^m^nxi.^i>o x. Wte^i 

[0064] il|:tii@5 5<C(«ig^lgi3«:Sk<DI1^«^j& 

7 0 jO^K 0 - -2>cr)X:' ( I21 6 #Ba > , c (OtHtim 5 

5 6 0 '^omB^'tmir^ C ti>iX'if. 

c<^c i cc J: '?xi>^^^mn<^mm^^i&m n^o 
[0065] ^xic, ms. las^MSLr, ^mmm 
2^mm(^%^^>()i:2.-y ^ 1 3 2ti:'^i^'cg3WT 

t-'Ct*, ±iS<DiIlllWiytCi^-£>:^H'Jl. J. h3 2 

^3 2^T2tfi?:^i]"^^^^:ftT^c^^c:J:-:»'c. 18 

[0 06 6 ] C(D^4)l::L:^y Y 1 3 2 Oil fe ^ 5^fliJM 
2Sacffil 76iCti, i^:^}Vl4 4(0\^^i>Cl^mm^ 

m 7 8 ^/r U-CBIH 4 2 icmk^mm^^h Ctii^ 
fcc^6i^ittR!cBfi5 eiiffM^nrcwiiC^ (?HiJ.^2^ 

ftBs 1 7 6 tt'^H^\mm<om^^imx t ^ ^ ^ 

50 [0 06 7] C^^a-^JUa^ ^ ^ 1 3 2CCfct,^-C 9^ 
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111 7 B^mxi%mm:f7mY^cmti^^ti^o ffl-^r, 

[0 066] ±m<Dm 1 ^iO'i^2:^teff^SdCfc^,* 

[0 06 9] Mii:, *lfe|fli^fcW^?ftJS^ti:&fBjYtc?jfe 

**iCAnfcfe(©f Wife. S£*«W*f$lirSS 
ffi«i:2^«^TjScLrt^fc<Dic*tbT, *%iHti*i:^f|Bitcm 

rt-cA^o 20 

[0 07 0] i:Jii:lCihUtc::i4)l^:^'-^Y 32. 132 
I*. 3 4 0 mS-^Ciaeaii^)?^*^!*^^ ^ C i 

fi5 1*^filt»iffS^*i6Ci!:Air at -5, 
[0 07 1 ] ^ftWtclli. |35r^i^Lfc3^jLaji-j Y 

(Wags 5 ) n^^^iii*^^ 1 (rtfu 30 

5 4 «:Sr a 'l'^l'4 Oa>«iioc»«30^ie*|filY«C»tB3 

n^, ^'^;U4 0^/%iPL/cl$«lli|?23lrtJS 
ijfeBS5 6) tC:ti:^±i6^nr. t/*^L'4 4 ^?Hi3^^M- 
6 4 iOPlfeU 2 Btil^iil^n^o »fli|;^M-6 4tcJ: 
-pr^:0^'^ljmBflir?fa5tcSfcai^n^C<!:r\ =3 H' ^1.4 0 

[0 072] 



4$ga2() 0 1- 275334 

14 

«g=fc(&ii!>^Ci:Osr^^. 

[02] lsiy:::7*-'S'«:8S»WCCn^T«aia 
[j33] 15] 3 ^^in hiCfflt^^^fk-S^ ^ 

[114] m^'<}i^^nsim^'^t^^xmmofc:i-<ii 

ims] ID5CC)vi-vi«frffiia 
[ H 7 ] H 5 VII - viiJKffilal 

[139] @a<Z)ix-i)dt/ri&l3 

[010] «!£*CO»J:^r*-'S?«:^'reTBB 

[(31 1 ] i2ii o<f>ii~im^m 

[131 2] ^'J Jir^:-5?®r3^jU;z^-:^ ^t^:4^i^^» 

3 0 - ^J^^T^r-^ 

3 2. 1 3 2"-:3^jUa^ .;. ^ 

3 4 --is;&jL^ h 

3 6-IS^ 

4 2. 4 2B. 14 2, l42B-g(H 
44. 1 4 4-i>j;;l^ 

4 4 A. 1 44 A- — 

4 4B, 144B"ill^» 

5 2.1 5 2-[^iMM2£acK 
5 4.1 54 - M7L 

5 5. 1 5 5-Jlfaj^ 

5 8-l^iSttii5S 

6 0. 1 6 0-WftB 
64. 164 mi:^*<- 
66 1 6 6 54^ 

6 8 1 6 8 5^ffiij7 U- h 

7 0. I7 0-»ffl!Ml£a3S 
74. 1 7 4-tififeR 

7 6.1 i6-m\m2^im 

7 8. 1 78 - afijfeffi 
7 4. 1 7 4-g»K 
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(12) 



4$§a2 0 0 1- 275334 



im\2] 




(51) Int ,C1 / m9s^^ F I t-n-y (** ) 

H0 2K 41/03 Ht)2K 41/03 A 

F ^-i.(#*) 3L044 AA04 BA06 CA12 060? KAOA 
5HI509 8B05 PP02 PP05 PP07 PP05 

PP09 QQ04 QQ05 QQIO 0014 

CI31& RR27 RR36 RR37 RR41 
5H641 BB03 BB06 BB15 BB19 OO02 

0003 G005 G007 HH02 HHD3 

J604 
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